Background: The purpose of this study was to assess changes in vocal function over time following supracricoid partial laryngectomy with cricohyoidoepiglottopexy (SCL-CHEP). Methods: A total of 17 patients who underwent SCL-CHEP for laryngeal squamous cell carcinoma between 2007 and 2015 were reviewed. We examined maximum phonation time (MPT), mean airflow rate (MFR), voice intensity, the grade, roughness, breathiness, asthenia, and strain (GRBAS) scale, Voice Handicap Index-10 (VHI-10), and voice-related quality of life (V-RQOL) scores. To assess changes over time in these parameters, we set 3 evaluation periods after surgery: within the first 12 months (term A), 13-36 months (term B), and after 37 months (term C). 
| INTRODUCTION
Supracricoid partial laryngectomy with cricohyoidoepiglottopexy (SCL-CHEP) was first described as a surgical technique for glottic and supraglottic carcinomas by Piquet et al. 1 and Majer et al. 2 in the 1970s. The advantages of this procedure include its high oncologic control rate and maintenance of laryngeal function. [3] [4] [5] [6] Through conservation of the cricoarytenoid unit, SCL-CHEP allows for closure of the tracheostoma and functional preservation of both swallowing and speech. Several reports have described vocal function after SCL-CHEP. [7] [8] [9] [10] [11] [12] [13] However, the majority assessed vocal function postoperatively at a single time point. [7] [8] [9] [10] [11] A limited number of reports describes changes in postoperative vocal function over time. Crevier-Buchman et al. 12 evaluated the results of aerodynamic, acoustic, and perceptual investigations of 12 patients with SCL-CHEP, which were performed 6-18 months postoperatively and indicated no significant changes in vocal parameters. Webster et al. 13 used a similar protocol to evaluate aerodynamic, perceptual, and subjective changes in voice in 10 patients with SCL-CHEP. Changes were measured at 2, 6, and 12 months after surgery. They found significant improvements in the perceptual analysis between 2 and 12 months, whereas there was no significant change in any other parameter. Thus, we considered that more cases and a longer postoperative evaluation period were required to clarify changes in vocal function.
To assess changes over time in postoperative vocal function, we set 3 follow-up evaluation periods after surgery: within the first 12 months (term A), 13-36 months (term B), and after 37 months (term C).
In this study, we assessed postoperative vocal function using these time frames in our patients with SLC-CHEP and then compared the data among the measurement time points.
| MATERIALS AND METHODS
We performed a retrospective chart review, for which we received approval from our institutional review board (approval no. 958).
In total, 17 patients who underwent SCL-CHEP for primary and recurrent laryngeal squamous cell carcinomas between January 2007 and December 2015 were included in this study. All patients were men and the median age was 61 years (range: 56-74 years). The follow-up period after surgery ranged from 12 to 112 months, with a median of 61 months. A single arytenoid cartilage was partially removed in 7 patients and completely removed in 3 patients. In the remaining 7 patients, both arytenoid cartilages remained in place. SCL-CHEP was performed as a salvage treatment for local recurrence after prior radiation therapy in 5 patients. Table 1 summarizes the patient demographic data. All SCL-CHEP procedures were performed by 1 of 2 experienced surgeons (S.M. or R.M.).
We examined vocal function every 6 months for the first year after surgery and every year thereafter. When multiple follow-up examinations were performed within a single study-defined term, we included the greatest value in the statistical analysis.
| Assessment of vibration patterns in newly constructed glottis
The larynx was inspected by flexible fiberscopes in all patients at the time of their follow-up visits to our clinic. Laryngoscopic images were recorded as video files. The most recent laryngeal findings for each patient were used to assess the vibration patterns of their newly formed glottis (mean time of examination after surgery: 56 AE 30.8 months). Specifically, fiber-optic laryngeal images were obtained using a videoendoscope (VNL-1171K; Pentax, Tokyo, Japan) during sustained phonation of the "a" vowel sound. A digital recording system (Claio version 4; FINDEX Inc., Tokyo, Japan) was used to record video. We categorized vocalizing kinetics of new glottis by vibrating regions on the basis of a previous published report. 9 Vibrating regions observed in patients during phonation were classified as follows: arytenoid type (A type), pyriform sinus type (S type), arytenoid/pyriform sinus type (AS type), arytenoid/ epiglottis type (AE type), and arytenoid/epiglottis/pyriform sinus type (AES type). Patient identifiers were removed before examination of the recorded images. The observed vibration patterns were evaluated independently by an otolaryngologist (S.M.) and a speech pathologist (N.K.).
| Aerodynamic evaluation
To measure maximum phonation time (MPT), patients were instructed to produce sustained phonation (ie, for as long as possible) of the "a" vowel sound at a comfortable pitch and volume. MPTs were measured twice for each patient using a stopwatch, with the greatest values included in the analyses. Mean airflow rate (MFR) and voice intensity were measured using a phonatory function analyzer (PS-77E; Nagashima, Tokyo, Japan). During the procedure, patients were instructed to produce the "a" vowel sound at a comfortable pitch and volume, while holding a mouthpiece tightly to their lips and wearing a nose clip. 
| Voice recording and perceptual evaluation
Patients' voices were recorded in a soundproof room using a digital recorder (Model PMD 670; Marantz, Sagamihara, Japan) that was connected to a microphone (Model WM-421; Panasonic, Osaka, Japan). The microphone was held at a distance of 20 cm from the mouth during recording.
Patients produced sustained phonation of the "a" vowel sound at a comfortable pitch and volume. The voice was sampled at 45 kHz through an antialiasing filter and stored in a pulse-code modulation format. The speech segments of the recordings were used for auditory perceptual analysis. Perceptual voice evaluations were conducted using the grade, roughness, breathiness, asthenia, and strain (GRBAS) rating scale.
14 All speech samples were anonymized before being subjected to auditory perceptual assessment to prevent bias. The mean G, R, B, and S values were analyzed. Each parameter was rated by a speech pathologist (N.K) using a 4-point scale (0 = normal; 1 = slight disturbance; 2 = moderate disturbance, 3 = severe disturbance).
| Subjective assessments
The Voice Handicap Index-10 (VHI-10) is a shortened version of the Voice Handicap Index (VHI), which is a patientbased self-assessment tool developed by Jacobson et al., 15 which consists of 30 questions covering functional, physical, and emotional aspects of voice disorders. Patients were asked to rate the 10 statements in the VHI-10 on a scale ranging from 0 to 4 (0 = strongly disagree, 4 = strongly agree), with a score of 40 indicating the greatest degree of handicap. Although the VHI focuses on handicap, the influence of voice disorders on quality of life is evaluated with the voice-related quality of life (V-RQOL) instrument. 16 Higher VHI scores indicate greater voice-related problems. V-RQOL scores are calculated by the following equation: 100 − 100 × (raw score − number of items in domain or total)/(highest possible raw score − number of items). A higher V-RQOL score indicates that a given voice disorder has less influence on quality of life. 16 The validities of the Japanese translations of the VHI 17 and V-RQOL 18 have been reported previously.
| Correlations between vocal function, patient demographic characteristics, and medical history
We examined the associations between patient demographic characteristics, medical history (including age, TNM classification at diagnosis, arytenoid cartilage status postoperatively, history of radiation therapy, and surgical complications), and vocal function.
| Changes over time
We assessed changes in vocal function postoperatively over time. Three evaluation periods were set: within 12 months (term A), 13-36 months (term B), and after 37 months (term C). Data covering all periods were acquired for 10 of the 17 patients. 
| RESULTS
All 17 patients showed no recurrence of disease during the clinical follow-up period. All patients were able to eat a normal oral diet and to close their tracheostoma postoperatively. Additionally, following acquisition of their new swallowing patterns, no patients experienced aspiration pneumonitis during postoperative clinical follow-up.
| Vibrating patterns of the newly formed glottis
Four patients showed a single vibrating region during phonation, 3 showed an S type pattern (patients 4, 8, and 15) and 1 showed an A type pattern (patient 13) ( Table 3 ). Both arytenoid cartilages were preserved in all patients having a single vibrating region. In total, 11 patients showed multiple vibrating regions during phonation, of whom 9 had undergone partial or total resection of one of their arytenoid cartilages. Six patients showed an AES type pattern (patients 1, 2, 5, 9, 11, and 16) and 3 showed an AE type pattern (patients 6, 7, and 14). Of the 11 patients showing multiple Reasons for the absence of the examinations
"O" means presence of the examination. "X" means absence of the examination.
vibrating regions, 2 did not undergo any arytenoid resection and showed an AE type pattern of vibration (patients 10 and 12). We could not identify the vibrating regions in 2 patients (patients 3 and 17). When comparing the arytenoid resection group with the arytenoid preservation group, the number of vibrating regions was significantly higher in patients in the former group (P < .01).
| Aerodynamic parameters
The normal range for MPT and MFR is more than 10 seconds and 50-200 mL/s, respectively. At follow-up examination during term A, the mean MPT and MFR both fell below the normal range, to 9.88 seconds and 724.4 mL/s, respectively ( Figure 1 ). The MPT and MFR significantly improved during term C compared to term A (P < .05). Voice intensity did not show any significant changes postoperatively.
| Perceptual parameters
Scores on the G and B subscales of the GRBAS improved significantly over time, as shown by significant differences in the examination period ( Figure 2) . Scores on the R and S subscales of the GRBAS did not show significant changes over time.
| Subjective parameters
The VHI-10 and V-RQOL scores both showed improvement over time ( Figure 3 ). The VHI-10 scores at term C were significantly better than those at term A (P < .05). The V-RQOL scores at term C were also improved significantly vs those at term B (P < .05).
| Correlations between vocal function, medical history, and demographic characteristics
When evaluating the correlations between vocal function, medical history, and demographic characteristics, the MPT of patients who underwent resection of their arytenoid cartilage was significantly higher than that of patients who did not undergo any resection of their arytenoid cartilages during terms A and C (P < .05 and .05, respectively). We divided the patients into 2 groups according to age (older or younger than 60 years of age). The VHI-10 and V-RQOL scores of younger patients were significantly worse than those of older patients at terms A and C (P < .01 and .05, respectively). No significant correlations were observed involving other factors, such as TNM stage, history of radiotherapy, and surgical complications.
| DISCUSSION
Patients with SCL-CHEP undergo bilateral resection of the vocal folds with or without unilateral arytenoid resection. In these patients, glottic closure is achieved through the formation of a glottis that consists of arytenoid mucosa, pyriform sinus mucosa, and epiglottic mucosa with the reconstruction resulting in new glottic vibration patterns. 7 Alteration of postoperative phonation styles leads to changes in postoperative vocal function. Indeed, previous studies reported that SCL-CHEP causes significant deterioration of the voice in all patients. [8] [9] [10] [11] Postoperative deterioration of vocal function is likely caused by insufficient glottic closure, which results in air leakage from the newly constructed glottis during phonation. In addition, abnormal viscoelasticity of the new glottis occurs as a result of the altered histological properties of the new vocal cords. Postoperative deterioration of vocal function has been described in a number of studies although postoperative changes in vocal function over time are poorly understood. There are only 2 reports describing changes in focal function postoperatively.
12, 13 Webster et al. 13 reported significant amelioration in vocal function in perceptual analysis at 12 months compared to at 2 months postoperatively, whereas Crevier-Buchman et al. 12 did not find any significant difference in perceptual analyses performed at 6 and 18 months. These two studies found no significant voice changes in aerodynamic, acoustic, or subjective terms. Thus, SCL-CHEP does not appear to induce significant changes in postoperative vocal function during the early period after surgery. In our study, we assessed postoperative vocal function up to and beyond 37 months after SCL-CHEP. Aerodynamic assessment revealed that MPT and MFR improved significantly with time, whereas voice intensity did not change. In addition, perceptual analyses revealed that scores on the G and B subscales of the GRBAS improved significantly in the years after surgery, whereas R and S subscale scores showed no significant changes over time. After SCL-CHEP, patients can achieve glottic closure of their newly formed glottis, but the closure is insufficient in the early stages after surgery, which leads to changes in phonation.
As time passes, patients adjust their speaking style to achieve better voice quality through more efficient glottic manipulation. Accordingly, parameters such as MPT, MFR, and the B subscale score on the GRBAS may improve with time. The data from this study imply that it takes several years to see improved voice function after SCL-CHEP. Voice intensity and R and S subscale scores on the GRBAS, which are reflected in both glottic closure and mucosal vibration, did not improve over time, as mucosal vibration of the newly formed glottis was affected by the altered histological properties of the new glottis. In our study, VHI-10 and V-RQOL scores improved gradually over the course of several years. Postoperative improvement in MPT, MFR, and G and B subscale scores on the GRBAS, induced by postoperative self-adaptation to the new laryngeal structures (as mentioned above), led to subjective recovery.
There have been several reports describing data that were obtained several years after surgery. [8] [9] [10] Schindler et al. 8 reported data that were obtained at least 2 years postoperatively with a mean of 8 years. They reported a mean MPT of 7.5 AE 4.4 seconds, mean G, R, B, A, and S subscale scores on the GRBAS of 2.4, 2.4, 0.8, 0.5, and 0.8, respectively, and a mean VHI value of 29.9 AE 22.8. Bron et al. 9 reported data with a mean follow-up period of 66 months after surgery (range: 12-152 months) and reported a median MPT of 11.3 seconds, maximum intensity of 80.9 dB, and median G, R, B, A, and S subscale scores on the GRBAS of 2.8, 2.7, 1.2, 0.1, and 1.2, respectively. Topaloglu et al. 10 reported data with a mean follow-up period of 56.6 months (range: 17-97 months). They found a median MPT of 7.71 AE 3.82 seconds, a mean VHI-10 of 7.67 AE 5.12, and median G, R, B, A, and S subscale scores on the GRBAS of 1.85, 1.96, 1.75, 1.96, and 1.78, respectively. When compared to our own data, which were obtained more than 37 months after surgery, these studies showed similar, or slightly less marked, improvements in vocal function. The mean MPT, voice intensity, G, R, B, A, and S subscale scores on the GRBAS and VHI-10 scores were 11.9 seconds, 80.3 dB, 2.2, 1.6, 1.1, 0.1, 1.1, and 8.6, respectively. We also assessed correlations between vocal function, medical history, and demographic characteristics to determine the factors that affect vocal function after SCL-CHEP. Resection of the arytenoid cartilage was associated with MPT. When we examined the vibration patterns of the newly formed glottis, the number of vibrating regions during phonation was significantly higher in patients who underwent resection of the arytenoid cartilage vs those whose arytenoid cartilage was preserved. Arytenoid cartilage resection caused anatomical asymmetry in the newly formed glottis. This anatomical asymmetry likely contributed to the higher number of vibrating regions. Presumably, multiple vibrating regions lead to an increase in the MPT. In previous reports, vocal function did not change following arytenoid cartilage resection. 7, 10, 11 When performing the operation, we aim to pull as much of the remaining arytenoid into the median plane as possible after arytenoid cartilage resection. This method may be conducive to reducing the number of vibrating regions and thus increasing the MPT. There were significant relationships between subjective assessment outcomes and patient age. VHI-10 and V-RQOL scores in younger patients were significantly lower than those in older patients. We assume that younger patients require oral communication more frequently in their daily lives, such as at work, compared to older patients.
Our results demonstrate that vocal function after SCL-CHEP improves over time. This improvement likely results from improvements in glottic closure, which occur as patients learn to adapt their speaking voices in daily life. Allegra et al. 19 modified the supracricoid laryngectomy technique using the bilateral sternohyoid muscles as new vocal folds. They reported that perceptual voice outcomes and VHI scores were significantly better in their modified supracricoid laryngectomy group than in a conventional surgery group; more effective glottic closure, achieved using the sternohyoid muscles, was cited as one of the reasons for the voice improvement. Voice therapy may also promote effective glottic closure; therefore, in the future, we hope to examine the effectiveness of such therapy delivered shortly after SCL-CHEP for improving vocal function. Finally, the number of patients in this study was relatively small; thus, further studies including more patients are necessary.
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